2ϩ from its terminal cisternae to produce contraction in response to a small amount of trigger Ca 2ϩ by the mechanism of Ca 2ϩ -induced Ca 2ϩ -release in mammalian ventricular muscle [1, 2] . Physiologically, the trigger Ca 2ϩ is brought about by a Ca 2ϩ influx through the Ltype Ca 2ϩ channel in the sarcolemma during an action potential. The rate and amount of Ca 2ϩ release from the SR are graded depending on the amount of Ca 2ϩ influx and the amount of releasable Ca 2ϩ in the terminal cisternae [3, 4] . When the SR is heavily loaded or overloaded with Ca , the SR appears to release Ca 2ϩ regeneratively [5] . Under this condition, Ca 2ϩ released from the SR diffuses over the adjacent SR to trigger a large amount of Ca 2ϩ release, resulting in a propagating Ca 2ϩ wave [6] [7] [8] [9] . Since the Ca 2ϩ wave and the resulting contraction wave occur under some pathological conditions [10] [11] [12] [13] , it is quite important to study the two types of Ca 2ϩ release from the SR to give information about clinical heart dysfunction.
Although the duration of the SR Ca 2ϩ release has generally been studied by recording [Ca 2ϩ ] i transient, the contraction of sarcomeres makes it difficult to estimate the duration of [Ca 2ϩ ] i transient in each sarcomere during Ca 2ϩ wave. In regard to the duration of the [Ca 2ϩ ] transient in the Ca 2ϩ wave, it is a matter of controversy whether the SR Ca 2ϩ release takes a similar duration in both the Ca 2ϩ wave and the physiological twitch. Early reports suggested that [Ca 2ϩ ] transients or twitches at a sarcomere level had a longer duration in the Ca 2ϩ wave than the action potentialtriggered twitch [7] [8] [9] . On the contrary, Cheng et al. [14] , using a laser scanning confocal microscope, reported that the [Ca 2ϩ ] i transient of the Ca 2ϩ wave had ] i transient is slower in the Ca 2ϩ wave than in the action potentialtriggered twitch. The difference in the duration between the two cannot be accounted for by incomplete spatial resolution of the apparatus, indicating that the SR releases Ca 2ϩ more slowly in the Ca 2ϩ wave than in the physiological twitch.
MATERIALS AND METHODS
Single myocytes, isolated from hearts of 6 to 8-weekold male Wistar rats, were loaded with fluo-3 AM, and its fluo-3 fluorescence was measured with a laserscanning confocal microscope with techniques similar to those described in the preceding paper [17] . In brief, myocytes loaded with fluo-3 AM were suspended in a small chamber constructed on a cover glass, and were kept quiescent in Krebs solution (in mM; NaCl 118, KCl 2.5, NaHCO 3 25, KH 2 PO 4 1.2, CaCl 2 1.8, MgSO 4 1.2, glucose 10, pH 7.2-7.4) oxygenated well with 95%O 2 -5%CO 2 mixture and equilibrated at room temperature (23 to 25°C) until they started to exhibit Ca 2ϩ waves spontaneously. The fluo-3 fluorescence was first recorded during the Ca 2ϩ waves and subsequently in the rested-state twitches, produced by stimulating a myocyte from rest with a 5 ms electrical pulse through a pair of platinum wires.
Images of both the fluo-3 fluorescence and the striation pattern of the myocyte were acquired in the linescan mode, in which single scans along the myocyte long axis, were repeated at an interval of 2 ms. The scan was made along a line perpendicularly to the myocyte striation pattern. The line-scan image was formed by plotting the lines horizontally and placing successive lines below one another. Thus the horizontal and vertical axes in the image represented the distance along the scan line and the time going on from top to bottom, respectively (Fig. 1) T. TAMEYASU, M. SHIMADA, and H. SUGI ] i transient propagated from sarcomere to sarcomere with some delay during Ca 2ϩ wave. The velocity of propagation of the Ca 2ϩ wave was about 100 m/s (Fig. 1A) . As shown in Fig. 2A , the time from onset to peak of the averaged [Ca 2ϩ ] transient (TP) was 161 ms, while the half-width (HD), i.e., the period during which the intensity of the fluorescence is higher than half the peak value, was 253 ms.
Since the duration of [Ca 2ϩ ] i transient in the electrically triggered twitch was also not the same in different regions, the [Ca 2ϩ ] i transients obtained from the same segmental region, which had been examined in the preceding Ca 2ϩ wave experiment, were averaged in the electrically triggered twitch. Since the [Ca 2ϩ ] i transient occurs in phases in the entire sarcomeres in the electrically triggered twitch, no care was taken in regard to the axial movement of the segmental region to be analyzed (Fig. 1B) . Figure 2B shows the [Ca 2ϩ ] transients in pinpoint areas in the segmental region as indicated by white bars in Fig. 1A and their average. The TP and HD in the electrically triggered twitch in this example were 76 and 145 ms, respectively. Thus the TP and HD are both apparently shorter in the twitch than in the Ca 2ϩ wave. Similar results were obtained from two other myocytes. TPϭ0. 10 HDϭ0.19 s in the latter in the other.
Effect of asynchronous Ca 2؉ release among sarcomeres on measurement of [Ca

2؉
] i transient in the Ca 2؉ wave The SR terminal sacs release Ca 2ϩ out of phase in the transverse as well as in the longitudinal directions in a myocyte during the Ca 2ϩ wave. In our experimental condition, i.e., at an iris of 4 mm in the laser-scanning confocal microscope we used, its spatial resolution was theoretically 0.58 and 3.88 m in the horizontal and vertical planes on the myocyte, respectively. That is, the fluo-3 fluorescence we measured is the sum of four sarcomeres aligned vertically. Suppose that in the Ca 2ϩ wave, each sarcomere produces the [Ca 2ϩ ] i transient similar to that observed in the electrically triggered twitch, i.e., TPϭ76 ms and HDϭ145 ms, and we computed the averaged [Ca 2ϩ ] i transient of four vertically aligned sarcomeres with various delays between them. Figure 3A (Fig. 3B) . Engel et al. [18] reported that the velocity of the Ca 2ϩ wave is about 1.4 times smaller in the transverse than in the longitudinal directions in the myocyte, i.e., at 50 m/s at 27°C, in such a special case that the Ca 2ϩ wave spreads from one point to the remaining part three-dimensionally. So even if the Ca 2ϩ wave we observed in the present study spreads transversely at such a low velocity as what Engel et al. [18] reported, the observed HD value in the Ca 2ϩ wave is not interpreted by the slow spread of the Ca 2ϩ wave. Consequently, it is thought that the SR releases Ca 2ϩ more slowly in the Ca 2ϩ wave than in the physiological twitch. Cheng et al. [14] reported that the [Ca T. TAMEYASU, M. SHIMADA, and H. SUGI ] transients among myofibrils in the transverse direction.
risky to draw a conclusion from the coincidence of the time course of the compensated [Ca 2ϩ ] i transient in the Ca 2ϩ wave and the uncompensated, physiological twitch that the SR releases Ca 2ϩ in a similar manner in the Ca 2ϩ wave and the physiological one. Janczewsk et al. [4] reported that the gain of the SR Ca 2ϩ release, i.e., the ratio of the amount of released Ca 2ϩ against that of triggered Ca 2ϩ
, increased with an increase of the Ca 2ϩ loading of the SR. This suggests that some regenerative process is involved in the SR Ca 2ϩ release, at least when the Ca 2ϩ loading of the SR is high. So when the gain of the SR heavily loaded with Ca 2ϩ is very high, the Ca 2ϩ wave would propagate from sarcomere to sarcomere without reduction of the peak [Ca 2ϩ ] i transient. Since the Ca 2ϩ wave is not unique to isolated single myocytes, but occurs in tissue preparations [19] , it is likely that the Ca 2ϩ wave reflects a normal SR function. Recent studies suggest that a high luminal [Ca 2ϩ ] in the Ca 2ϩ release site of the SR enhances the sensitivity of the SR Ca 2ϩ release channels to cytoplasmic [Ca 2ϩ ] [15, 16] . In combination with such a mechanism, a local control theory [20] [21] [22] developed for interpreting the physiological SR Ca 2ϩ release may interpret the Ca 2ϩ wave.
